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LIGHTNING HAZARD TO ROCKETS WRING LAUNCH 11. 
Heinz W. Kasemir 
1. INTRODUCTION 
I n  des ign ing  a l i g h t n i n g  warning system f o r  rocke t  launch 
areas, one has  t o  t a k e  i n t o  account t h a t  t h e  g r e a t e s t  danger t o  
a rocke t  i s  no t  a n  a c c i d e n t a l  s t r i k e  by n a t u r a l  l i gh tn ing  but  
t h e  high p r o b a b i l i t y  t h a t  a rocke t  w i l l  t r i g g e r  i t s  own l i g h t n i n g  
d i scha rge ,  i f  i t  e n t e r s  areas i n s t d e  a c loud with  s t rong  e l e c t r i c  
f i e l d s  (Kasemir, 1969). F i e l d s  i n  the  o r d e r  of 20 t o  50 kV/m m y  
be enough t o  produce rocke t  t r i g g e r e d  l i g h t n i n g  d i scharges ,  and 
f i e l d s  a f  t h i s  magnitude can be found i n  a small cumulonimbus, 
o r  r a i n  shower, which does n o t  c o n t a i n  n a t u r a l  l i gh tn ing  d i scharges .  
T h i s  s i t u a t i o n  i s  aggrevated by t h e  f a c t  t h a t  t he  e l e c t r i c  f i e l d s  
a r e  sus t a ined  i n s i d e  the  c loud f o r  some time (one-half  hour)  a f t e r  
t h e  r a i n  o r  l i g h t n i n g  has stopped. On t h e  o t h e r  hand, t h e r e  are 
p r e c i p i t a t i n g  c louds ,  namely of t h e  nimbostra tus  type ,  t h a t  do 
n o t  genera te  e l e c t r i c  f i e l d s  i n  excess  of  a few 100 V/m. I t  would 
be p e r f e c t l y  s a f e  t o  launch a rocke t  through such a cloud. 
The consequence of  t h e s e  f a c t s  i s  t h a t  meteorological  obse rva t ion ,  
i nc lud ing  r a d a r ,  i s  n o t  s u f f i c i e n t  f o r  a l i g h t n i n g  warning system 
a t  rocke t  launch areas - t he  key parameter o f  such a warning system 
h a s  t o  be t h e  e lectr ic  f i e l d  i n s i d e  t h e  c ioud.  I f  t h i s  h a s  been 
measured,  one h a s  t o  know i n  a d d i t i o n  t h e  t h r e s h o l d  v,s l u e  o f  t h e  
f i e l d  f o r  t h e  d i f f e r e n t  t y p e s  of r o c k e t s  t h a t  w i l l  c ause  (a) corona  
d i s c h a r g e  o r  ( b )  l i g h t n i n g  d i s c h a r g e  by r o c k e t  p e n e t r a t i o n .  
The f i e l d  d i s t r i b u t i o n  and i t s  t i m e  h i s t o r y  i n s i d e  d i f f e . r e n t  
t y p e s  o f  c l o u d s ,  t h e  corona  t h r e s h o l d  f i e l d ,  and  t h e  l i g h t n i n g  
t h r e s h o l d  f i e l d  are t h e  t h r e e  p a r t i c u l a r  r e s e a r c h  areas t h a t  have 
t o  be e x p l o r e d  b e f o r e  a n  e f f e c t i v e  warning system can be des igned  
o r  even b e f o r e  a n  i n v e s t i g a t i o n  o f  t h e  p o s s i b i . r t y  o f  d i s c h a r g i n g  
t h e  c loud  can be s u c c e s s f u l l y  c a r r i e d  o u t .  , 
I t  i s  t h e  purpose o f  t h i s  r e p o r t  t o  d i s c u s s  a program o f  i n -  
v e s t i g a t i o n  o f  t h e  above menzioned r e s e a r c h  areas. S e c t i o n  2 d e a l s  
w i t h  t h e  d e t e r m i n a t i o n  of  e lec t r ic  f i e l d s  i n s i d e  a c loud  and 
s e c t i o n  3 w i t h  a r t i f i c i a l l y  t r i g g e r e d  l i g h t n i n g s  by test r o c k e t s .  
2. DETERMINATLON OF ELECTRIC FIELDS 
INSIDE THE CLOUD 
There are t h r e e  ways t o  determine  a n  electr ic  f i e l d  i n s i d e  
a c loud :  
(9) By d i r e c t  measurement from a n  a i r p l a n e  p e n e t r a t i n g  t h e  
c l o u d  ( F i t z g e r a l d ,  1967; Cobb and H o l i t z a ,  1968).  
( 1  By a n a l y s i s  o f  f i e l d  measurement from a n  a i r p l a n e  o u t s i d e  
t h e  c loud  (Kasemir, 1968; Schuman, 1969). 
( c )  By a n a l y s i s  of  f i e l d  measurement t aken  a t  ground l e v e l .  
The d i r e c t  measurement o f  t h e  f i e l d  i n s i d e  t h e  c loud  from a n  
a i r p l a n e  seems t o  be t h e  b e s t  method; however t h e r e  are two problems. 
F i r s t ,  i.t i s  r e l a t i v e l y  e a s y  t o  measure t h e  two components o f  
t h e  e l e c t r i c  f i e l d  a t  r i g h t  a n g l e s  to  t h e  f l i g h t  p a t h  ( i .e . ,  t h e  
up-down and t h e  l e f t - r i g h t  components).  I t  i s  q u i t e  d i f f i c u l t  
t o  measure t h e  f i e l d  component i n  d i r e c t i o n  of  t h e  f l i g h t  ( i .e . ,  
t h e  n o s e - t a i  1 component) d u r i n g  p r e c i p i t a t i o n  because p r e c i p i t a t i o n  
p s r t i c l e s  impinging on t h e  s e n s i t i v e  segment o f  t h e  f i e l d  m i l l  
f a c i n g  i n t o  t h e  r a i n  g e n e r a t e  a  s t r o n g  e l e c t r o s t a t i c  s i g n a l  t h a t  
s a t u r a t e s  t h e  n o s e - t a i l  f i e l d  component a m p l i f i e r  . It i s  v e r y  
impor tan t  t h a t  a l l  t h r e e  components o f  t h e  e l e c t r i c  f i e l d  v e c t o r  
be measured w i t h  t h e  same accuracy ;  t h e r e f o r e ,  one of t h e  f i r s t  
items o f  a r e s e a r c h  program would be t o  improve e x i s t i n g  equipment 
s o  t h a t  a l l  t h r e e  f i e l d  components can be r e c o r d e d ,  even i n  
p r e c i p i t a t i o n ,  w i t h  equa 1 accuracy .  
The second problem i s  t h a t  t h e  maximum f i e l d s  i n s i d e  t h e  c l o u d ,  
which are t h e  main i n t e r e s t ,  can on ly  be l o c a t e d  by a t r ia l  and e r r o r  
method. T h i s  problem can be so lved  by a second a i r p l a n e ,  which s t a y s  
o u t s i d e  t h e  c l o u d  and de te rmines  from i t s  f i e l d  measurement t h e  
charge  d i s t r i b u t i o n  and t h e  a l t i t u d e s  o f  maximum f i e l d s  i n s i d e  t h e  
c loud.  The a b s o l u t e  v a l u e  o f  t h e  maximum f i e l d  canno t  be c a l c u l a t e d  
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from f i e l d  measurements o u t s i d e  t h e  c l o u d  because t h e  c o n d u c t i v i t y  
i n s i d e  t h e  c l o u d  i s  n o t  known, b u t  t h e  second p lane  c o u l d  g u i d e  
t h e  f i r s t  p l a n e  t o  t h e  a r e a s  of  maximum f i e l d  i n s i d e  t h e  c l o u d ,  and 
from comparison of  t h e  measured and c a l c u l a t e d  f i e l d ,  t h e  c o n d u c t i v i t y  
i n s i d e  t h e  c loud  can be o b t a i n e d .  I f  from a number o f  such t es t  
f l i g h t s  i t  f e l l o w s  t h a t  t h e  c o n d u c t i v i t y  i n s i d e  t h e  c l o u d  i s  f a i r l y  
c o n s t a n t ,  o r  a t  l e a s t  h a s  a c o n s t a n t  r a t i c  t o  t h e  c o n d c c t i v i t y  o u t s i d e  
t h e  c loud  a t  t h e  same a l t i t u d e ,  t h e  f i e l d  d i s t r i b u t i o n  i n s i d e  t h e  
whole c l o u d  can  be c a l c u l a t e d .  The obv ious  advantage  o f  a n  a n a l y t i c a l  
c a l c u l a t i o n  i s  t h a t  t h e  comple te  cha rge  and f i e l d  d i s t r i b u t i o n  
i n s i d e  t h e  c l o u d  can be o b t a i n e d  f r o n  one  p a s s  o u t s i d e  t h e  c l o u d ,  
whereas t.he f i e l d  measurement o f  one c l o u d  ~ e n e t r a t i o n  w! 1 1 g i v e  on ly  
t h e  f i e l d  d i s t r i b u t i o n  a l o n g  t h a t  one pass .  There i s  no a s s u r a n c e  
t h a t  such 9 p a s s  would l e a d  through t h e  area o f  maximum f i s l d  o r  
t h a t  t h e r e  are n o t  s e v e r a l  areas w i t h  h i g h  f i e l d s  i n  t h e  c loud .  The 
d e t e c t i o n  of  t h e s e  areas w i t h  h igh  f i e l d s  i s  t h e  main purpose o f  t h e  
i n v e s t i g a t i o n .  
T h e o r e t i c a  1 l y  a n  a n a l y s i s  o f  t h e  f i e l d  measurement a l o n g  
t h e  p a s s  i n s i d e  t h e  c l o u d  shou ld  r e s u l t  i n  a c o n p l e t e  cha rge  and 
f i e l d  d i s t r i b u t i o n  th roughou t  t h e  whole c l o u d ;  however t h i s  r e q u i r e s  
t h a t  a l l  t h r e e  f j e l d  components be measured w i t h  t h e  same a c c u r a c y  
a l s o  i n  r a i n  (which w i t h  t h e  p r e s e n t  state o f  t h e  a r t  c a n n o t  be done) 
and t h a t  t h e  a i r p l a n e  pass  t h e  d i f f e r e n t  cha rge  c e n t e r s  i n  d i s t a n c e s  
o f  similar magnitude. Otherwise  t h e  f i e l d  o f  t h e  closest charge  c e n t e r  
becomes overwhelmingly l a r g e  a n d  b lanks  o u t  t h e  f i e l d  o f  t h e  o t h e r  
charge  c e n t e r s .  A p l a n e  f l y i n g  o u t s i d e  t h e  c l o u d  a t  m i d a l t i t u d e  can  
f u l f i l l  t h i s  c o n d i t i o n  much e a s i e r  than  a p lane  p e n e t r a t i n g  t h e  c loud.  
My c o n c l u s i o n ,  based on t h e  d i s c u s s i o n  above,  i s  t h a t  t w o  a i r p l a n e s  
are n e c e s s a r y  t o  o b t a i n  t h e  complete cha rge  and f i e l d  d i s t r i b u t i o n  
i n  a c l o u d .  The f i r s t  a i r p l a n e  has  t o  be c a p a b l e  o f  c loud  p e n e t r a t i o n  
and shou ld  be equipped w i t h  i n s t r u m e n t s  f o r  r e c o r d i n g  t h e  v e r t i c a l  
and a t  least one h o r i z o n t a l  component o f  t h e  e lec t r ic  f i e l d .  The 
second a i r p l a n e  remains o u t s i d e  t h e  c l o u d  a t  a b o u t  a 20,000 ft. 
a l t i t u d e  and should be equipped t o  measure a l l  t h r e e  components 
o f  t h e  e lec t r ic  f i e l d  w i t h  aboq~t  t h e  same accuracy .  
The t h i r d  method mentioned earl ier ,  f i e l d  measurements t a k e n  
a t  s e v e r a l  ground s t a t i o n s  a t  i t s  b e s t  h a s  s e v e r a l  s e v e r e  
handicaps .  The requi rement  t h a t  t h e  s t a t i o n s  should  be a t  similar 
d i s t a n c e c  from t h e  d i f f e r e n t  cha rge  c e n t e r s  c a n  obv ious ly  n o t  be 
f u l f i l l e d  f o r  t h e  c h a r g e s  a t  t h e  t o p  and t h e  base  o f  t h e  c loud .  
Consequent ly ,  a h igh  demand o f  accuracy  and dynamic range  is  p u t  on 
ground i n s t r u m e n t a t i o n .  Furthermore one c h a r g e  c e n t e r  i n  t h e  c l o u d  
h a s  f o u r  parameters :  namely, t h e  t h r e e  c o o r d i n a t e s  and t h e  charge  
magnitude. F i e l d  measurements a t  f o u r  d i f f e r e n t  ground s t a t i o n s  are 
r e q u i r e d  t o  c a l c u l a t e  t h e s e  f o u r  parameters .  I f  t h e  c loud  c o n t a i n s  
t h r e e  c h a r g e  c e n t e r s ,  twelve ground s t a t i o n s  would be r e q u i r e d ,  and i f  
two t r i p o l a r  c l o u d s  are l o c a t e d  i n  a n  area o f  t h e  ground network,  
twen ty - four  s t a t i o n s  would be n e c e s s a r y  f o r  a n  a n a l y s i s .  I t  i s  
assumed t h a t  t h e  c o n d u c t i v i t y  i n  t h e  c loud  i s  known, t h a t  local 
d i s t u r b a n c e s  l i k e  spacecharge pockets from exhaust  fumes, from corona 
d i scharge  of  power l i n e s ,  o r  a nearby s u r f  a r e  a b s e n t  and t h a t  a  
s u f f i c i e n t  l y  accu ra t e  s o l u t i o n  of t he  twenty-four simultaneous 
equa t ions  i s  poss ib le .  A l l  t hese  assumptions a r e  probably no t  
f u l f i l l e d ;  however, i f  a f l i g h t  program i s  c a r r i e d  ou t  t o  determine 
t h e  maximum f i e l d s  i n  the  d i f f e r e n r  t ypes  of c louds ,  a comparison 
of  t h e  ground and f l i g h t  r e s u l t s  can be used t o  determine t h e  b e n e f i t  
and the  l i m i t a t i o n s  of a grounh network. 
3 .  ARTIFICIALLY TRIGGERED LIGHTNINGS BY TEST ROCKETS 
The necessary equipment t o  a r t i f i c i a l l y  t r i g g e r  l i g h t n i n g  by 
t e s t  r o c k e t s  is:  
( a )  Two a i r p l a n e s  equipped with  f i e l d  m i l l s  t o  determine 
t h e  maximum electric f i e l d s  i n  t h e  cloud. 
( b )  T e s t  rocke t s  equipped with  corona d i scha rge  po in t  and 
t r a n s m i t t e r  t o  ground. 
( c )  Lightning p l o t t i n g  system. 
The pre l iminary  t e s t s  should be c a r r i e d  o u t  wi th  small  rocke t s  
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dr iven  by compressed a i r  and equipped wi th  parachutes ,  s o  t h a t  
they can be launched from a mobile s t a t i o n  and be recovered a f t e r  
descen t ,  i f  they are n o t  des t royed by t h e  t r i g g e r e d  l i gh tn ing .  
A corona d i scharge  po in t  would be mounted on the  t i p  o f  t h e  
rocke t  and t h e  onse t  o f  corona d i scharge  t r ansmi t t ed  t o  t he  ground 
s t a t i o n .  Using Kasemir's (1969) equa t ion  1, t he  e x t e n r a l  f i e l d  t o  
produce corona d i scharge  can be calc1,lated.  The two a i ~ p l a n e s  w i l l  
check t h e  c louds  f o r  t h e i r  maxLmum f i e l d s  and i f  t h e s e  su rpas s  the  
corona o n s e t  f i e l d ,  t he  rocke t  i s  launched i n t o  t he  cloud.  The 
main purpose of t h i s  test i s  t o  determine how much the corona 
breakdown f i e l d  has t o  be surpassed i n  o rde r  t o  t u rn  corona d i scharge  
i n t o  l i g h t n i n g  discharge.  Another o b j e c t i v e  of  t h i s  t a s k  i s  t o  
determine how long a cloud remaias discharged by a t r i g g e r e d  l igh tn ing .  
I t  i s  w e 1  1 known that a f t e r  a l i g h t n i n g  d i scharge  the  e l e c t r i c  
f i e l d  of a thunderstorm a+, t h e  ground recovers  f n  about  10 sec  
t o  i t s  predischarge v a l t e .  This  f a s t  recovery curve has  been - and 
t o  some e x t e n t  s t i l l  i s  - a b ig  mystery i n  t he  thunderstorm 
charg ing  mechanism. A medium thunderstorm may produce one l i g h t n i n g  
d i scha rge  every 20 s e c ,  which would i n d i c a t e  t h a t  the  charging 
mechanism a f t e r  a l i g h t n i n g  s t roke  i s  a c c e l e r a t e d  t o  r e s t o r e  t h e  
des t royed  charge i n  about 10 sec. 
The ques t ions  t h a t  a r i s e  here  are: w i l l  t h e  charge I n  t h e  shower 
c loud a l s o  be r e s t o r e d  i n  about  10 sec a f t e r  a n  a i n t ' F i c i a l l y  t r i g g e r e d  
l i g h t n i n g ,  o r  what i s  t h e  recovery t i m e  i n  t h i s  case; how long a 
t ime i n t e r v a l  has  t o  e l a p s e  before  a second l i g h t n i n g  w i l l  be 
t r i g g e r e d  by a second test rocket .  Such an i n v e s t i g a t i o n  w i l l  be 
u s e f u l  i n  e s t a b l i s h i n g  t h e  f e a s i b i l i t y  of  d i s cha rg ing  shower c louds  
by rocke ts .  
Another v a r i a t i o n  of the  test program w i l l  be t o  use  test rocke t s  
of d i f f e r e n t  s i z e s  and t o  equip  some of tham wi th  t r a i l i n g  wi res  of 
d i f f e r e n t  lengths .  This  w i l l  prove t h e  v a l i d i t y  of  equa t ion  1 
of Kasemir (1969). I t  w i l l  a l s o  explore  t h e  p o s s i b i l i t y  o f  r ep l ac ing  
l a r g e r  rocke t s  by smal le r  rocke t s  t r a i l i n g  a w i r e .  
Large rocke t s  wi th  t he  l a r g e r  f i e l d  concen t r a t i on  f a c t o r  w i l l  
t r i g g e r  l i g h t n i n g  d i scharges  i n  much weaker f i e l d s  than small  
rocke t s .  
I f  a cloud has t o  be t e s t e d  f o r  a launch of  a l a rge  rocke t  the  
tes t  rocke t  should be of the  same s i z e .  I f  t h i s  is  economically 
nut  f e a s i b l e ,  the  t e s t  rocke t  may be of s inal ler  s i z e  w i th  a t r a i l i n g  
wire  making up f o r  t he  leng th  def ic iency .  I t  i s  t o  be expected 
t h a t  such a test  rocket  w i l l  go i n t o  corona d i scharge  a t  the  same 
f i e l d  a s  the  l a rge  rocket  bu t  w i l l  need much l a r g e r  f i e l d s  t o  
t r i g g e r  l i g h t n i n g  d i scharges .  
To tes t  whether l i g h t n i n g  i s  t r i gge red  by t h e  test rocke t ,  
a l i g h t n i n g  p l o t t i n g  system has  t o  be developed which w i l l  c o n s i s t  
of t h r e e  ground s t a t i o n s  loca ted  a t  t he  co rne r s  of  a n  e q u i l a t e r a l  
t r i a n g l e  wi th  a s i d e  length of  about 15 miles .  The d i r e c t i o n  of  the  
l i g h t n i n g  s t r o k e  w i l l  be obta ined wi th  c rossed  loop antenna a t  each 
s t a t i o n  and t h e  p o s i t i o n  by t r i a n g u l a t i o n .  
The t e s t s  t o  t r i g g e r  l i g h t n i n g  by p e n e t r a t i n g  r o c k e t s  have t o  be 
c a r r i e d  o u t  dur ing  d i s tu rbed  weather cond i t i ons  where t h e  presen\:e of  
o t h e r  thunderstorms i n  t h e  test  a r e a  i s  q u i t e  l i k e l y .  The l i gh tn ing  
p l o t t i n g  system provides  the  means t o  d i f f e r e n t i a t e  between t r i g g e r e d  
l i g h t n i n g  and t h a t  produced by surrounding thunderstorms. 
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